The E157 experiment is designed to demonstrate highgradient Plasma Wake Field Acceleration over a significant length. It has been suggested that the electron hose instability of the drive beam will degrade the performance of this experiment because the hosing tailelectrons will not fully sample the highest acceleration field. In this paper a parasitic experiment designed to test the extent of the hosing instability is described. In particular, we discuss how the initial beam conditions are determined so that the extent to which any transverse perturbations grow due to hosing can be determined.
DETERMINATION OF THE INITIAL CONDITIONS FOR ELECTRON HOSE INSTABILITY EXPERIMENT
In this paper we discuss how we determine the transverse offsets of the various longitudinal beam slices before the beam enters the plasma source in the E157 experiment. Such a well characterized beam is then sent through the plasma that is roughly 1.4 m long with a maximum density of about 2 x l O I 4 cm-3 to see if there is any growth of the transverse offsets of the beam slices due to hosing.
MOTIVATION
The electron hose instability [l] of the drive beam is of some concern to the plasma wake field accelerator concept because it can lead to the growth of transverse perturbations on the beam due to the nonlinear coupling of the beam electrons to the plasma electrons that are at the edge of the plasma channel through which the beam propagates. The instability is described by two coupled wave equations:
where 5 = z/c -t, s = z, and op/kp = c with op being the usual betatron frequency. Subscripts c and b refer to the ion channel and the beam, respectively. We can see that the beam centroid xb is driven by the channel centroid x, and vice versa. The growth of the transverse displacement xb of a longitudinal slice of the beam due to the electron hose instability has been calculated for a beam with a linear tilt with the asymptotic result: [2] 331 2 where A = -
(3)
Thus it is critical that the initial beam tilt Xb, be extremely well known in any hosing experiment in order to measure the growth of this initial displacement.
METHOD
The experimental set-up of the E157 experiment has been described in detail elsewhere. [3] In this paper we describe only those aspects of the experiment that are relevant to determining the transverse offsets along the longitudinal profile of the beam at the entrance of the plasma source.
In general, the beam entering the final-focusing optics (a few meters before the plasma entrance) can have a headto-tail tilt along its (rms) length oz. For a tilt in the xplane, the optics will impart a momentum P, to a slice oz behind the centroid of the beam. If the longitudinal momentum of the beam is P, and the effective focal length of the optics is feff, then this tilt will be magnified by a factor (P,/Pz)(z/feff) at a distance z away from the focus of the beam (which is near the entrance to the plasma chamber). We assume that this transverse kick from the optics dominates over the range of transverse momenta prior to the optics, which is reasonable given the hundreds of meters between the linac (where the offsets originate) to the experiment.
The time-integrated electron beam profiles entering and exiting the plasma can be measured using opticaltransition-radiation (OTR) foils placed 1.2 m before (upstream or US-OTR) and 1.1 m after (downstream or DS-OTR) the 1.4 m plasma source which are viewed by 0-7803-7 19 1-7/01/$10.00 02001 IEEE.two CCD cameras. Upon exiting the plasma the electron beam is dispersed in the y or vertical direction using a dipole magnet. The beam subsequently passes through a 1 mm thick aerogel Cherenkov radiator. The Cherenkov horizontal streak image has been selected for analysis. Next, each slice is analyzed to find its centroid position. This is the transverse displacement xb of each slice at this observation plane. Finally, a tilt implies that the xb of each slice will change in time.
The results of this analysis for the single event shown in Fig. 1 are plotted in Fig. 2 with the horizontal-axis being time in psec and the vertical-axis being the transverse displacement of each psec slice position in pixels on the CCD camera, with 1 pixel = 16.1 pm. In  Fig 2, 0 psec is the longitudinal centroid of 
The results for a run of 25 consecutive shots are given in radiation profile is also imaged on a CCD camera to obtain the time integrated beam spot size. The spot size 6, in the x or. the horizontal plane at the Cherenkov plane does not have any contribution due to energy spread on the beam (as does the y size cry). A fraction of the Cherenkov light is time resolved using a streak camera to give the time history of the transverse features of the beam during a single pulse. From the streak data shown in Fig. 1 , the bunch length 6, is measured to be about 2ps. The average beam offset R, at a location crZ behind the beam centroid at the Cherenkov plane is, from Fig. 3 , about 100 ym. The average beam spot size 6 , in the x-direction measured from the time-integrated Cherenkov images for the 25 shots was 650 ym. This gives a beam tilt normalized to the spot size of o,/R, = 0.15.
The measured tilt corresponds to the beam parameters at the aerogel that is 12 meters downstream from the plasma chamber. What we are interested in is the beam tilt at the entrance of the plasma. Ideally we would move the aerogel and the streak camera to the plasma entrance. This. however, is not possible because of experimental constraints, so we approximate the beam tilt at the plasma entrance. We do this by fitting the beam envelope equation:
Applying this technique to all 25 shots of Fig. 3 , the values for the initial Offset of the beam slice Xb, at one 0, behind the centroid at the plasma entrance are as shown in One can see that the mean "tail" (0, after centroid) offset is typically -5 pm which is much smaller than the radius 6, of the beam. Therefore the tilt is not usually identified on the time integrated OTR diagnostics for a well-tuned beam in the absence of the plasma. We have subsequently sent such beams through 1.4 meter long lithium plasmas of densities in the range 101*-2x 1014cm-3 to see if the transverse perturbations are affected by the hosing instability. These results will be published elsewhere. [4] 
